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(54) PARTICLE MONITOR DEVICE AND DUST ELIMINATING PROCESS DEVICE HAVING 
THE MONITOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To previously prevent the 
occurrence of particle induction failure by measuring a 
particle existing in a wafer upper space in in situ real 
time. 

SOLUTION: The Rayleigh scattered light and the Raman 
scattered lig by a particle floating in a process device 12 
are converted into an electric signal by a photodetector 

13, and is transmitted to a signal intensity judging unit 

14. Scattered light intensity on the basis of a correlation 
between a particle generating condition and a wafer yield 
is preset in this judging unit. Its condition is transmitted I Sf ^ s 
to a signal display unit 15 or a process controller 16 
according to the magnitude relationship between 
obtained scattered light intensity and a preset value, and 

the controller 16 transmits a signal corresponding to a result in the judging unit 14 to an in-situ 
cleaning unit 17 or a stopper 18 for an overhaul, and these actuation is made to stand by or is 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention acts as the monitor of the 
particle which exists between wafer absentminded, or its precursor with the Inn stew (inch-situ) about a 
particle monitoring device, and relates to the equipment which foreknows the defect who arises when a 
particle's in process unit existence condition is grasped on real time and particle adheres to a wafer. 
Moreover, this invention relates to the equipment which removes particle from between wafer 
absentminded based on particle's existence information. 
[0002] 

[Description of the Prior Art] It is known well that there is a defect of a particle reason as one of the 
factors which affects the yield in the mass production phase of LSI most. For this reason, in the 
semiconductor manufacturing process, whenever some processes of mass production are completed, 
particle is inspected. As inspection of particle, the method of detecting by taking out difference from the 
comparison of the image of the chip which adjoins what irradiates a surface laser beam and detects 
particle from the scattered light is used conventionally. 

[0003] However, surface irregularity comes to become larger than the size of particle, and, for this 
reason, it is difficult [ it ] to detect particle as LSI makes it detailed by these conventional methods. 
[0004] Then, how to measure the particle in equipment is considered instead of inspecting after process 
termination. 

[0005] As conventional technology of the method of measuring the particle of equipment by laser light 
scattering, to JP,3-39635,A It aims at offering equipment detectable with a sufficient precision, even if it 
is the particle [ as / whose particle diameter is 0.07 micrometers or less ]. The light source which 
generates a light beam, and the flow cell by which the measured fluid prepared on the optical axis of a 
light beam is poured, Two electric eyes in all which it prepared one piece at a time in the location which 
counters this flow cell and is applicable about the above-mentioned optical axis, respectively, It has the 
detecting element connected and prepared in these two electric eyes. And the above-mentioned detecting 
element Two discrimination decision circuits in all which take out only the output signal exceeding the 
threshold beforehand set up among the output signals of each [ these ] electric eye which connected to 
the two above-mentioned electric eyes, respectively, and were formed in them, The particle measuring 
device equipped with the judgment circuit which chooses and outputs only the output signal which has 
synchronia among the output signals of these [ which were connected and prepared in these two 
discrimination decision circuits ] two discrimination decision circuits, and the counter circuit which 
carries out counting of the output signal of this judgment circuit is proposed. 
[0006] As conventional technology which changes and displays the scattered light on an electrical 
signal, the publication of JP,4-352077,A and JP,3-39721,U is referred to, for example. Moreover, the 
publication of the paper (journal OBU vacuum Science and technology magazine, the Bth nine volumes, 
1991, the 3487-3492nd page) (it is called "reference 1") by the eel bottle (Gary S. Selwyn) is referred to. 
Furthermore, the publication of the paper (applied physics Letters (Applied Physics Letters), the 61st 
volume, 1992, 1510th page - 1512 pages) (it is called "reference 2") by Watanabe and others is also 
referred to. 

[0007] Moreover, there is the method of measuring the change to it of the incidence laser beam of the 
polarization condition of the light scattered about by particle using the laser beam of a desired 
polarization condition. It introduces into a process unit, after letting a polarizer pass and making the 
laser beam from a laser oscillator into the linearly polarized light of 45 degrees of azimuths over the 
level surface. The scattered light by particle reaches a photodetector after passing a revolution analyzer. 
If it measures about two kinds, the case where it lets the quarter-wave length board which equipped with 
the signal strength from a photodetector in front of the photodetector pass, and when a quarter-wave 
length board is not used, the signal which required the modulation with the rotational frequency of a 



http : //www4 . i pdl j po. go j p/cgi -bin/tran_web_cgi_ejj e 2/9/04 



Page 2 of 1 1 



revolution analyzer and which is changed in time will be acquired. If the Fourier transform of this is 
carried out, the presentation of particle, number density, and the Stokes parameter required to decide 
distribution can be found. 

[0008] the example of this method for example, woods — Japanese Journal OBUA pride the Lth [ of 
FIJ1KUSU (Jpn.J.Appl.Phys.) ] of the 33rd volume (1994) the paper (it is called "reference 3") 
announced by L478 page from 476 pages is referred to. 
[0009] 

[Problem(s) to be Solved by the Invention] Among the above-mentioned conventional technology, 
although technology given in above-mentioned JP,3-39635,A is related with the equipment which 
measures the particle in the fluids in a liquid or a gas etc. using laser light scattering, since it is what 
measures by introducing a measured fluid into a flow cell, it has the problem of being hard to take 
correlation with the particle on a wafer. 

[0010] Moreover, although there are some which were indicated by above-mentioned JP,4-352077,A as 
conventional technology of changing the scattered light into a picture signal and processing it However, 
since it is not what recognizes fume and raising dust from difference with this conventional technology 
as compared with a thing in case there are no they about an image in case fume or raising dust occurs, 
and measures the concentration and particle size of smoke or dust, and its distribution, It is difficult to 
make it difficult to go back to the device of fume or raising dust, and to direct a prompt solution to a 
source of release. 

[001 1] Furthermore, the conventional technology given in JP,3-39721,U condenses scattered-light 
reinforcement to a certain specific photo detector, displays the magnitude of particle by LED 
(semiconductor light emitting device) by which plurality was arranged, and outputs the concentration of 
particle to a printer. However, it is difficult to specify the source of release of the particle which 
participates in specification of the particle source of release within a process unit, or the yield of a wafer 
directly by this conventional method. 

[0012] Moreover, the method of measuring the particle between wafer surface absentminded [ in a 
process unit ] by light scattering, measuring the scattered light with a CCD (charge storage element) 
camera, and obtaining an image is indicated by the above-mentioned reference 1 (journal OBU vacuum 
Science and technology magazine, the Bth nine volumes, 1991, 3487th page - 3492 pages) for example, 
by the eel bottle (Gary S.Selwyn). Moreover, the like is indicated by Watanabe and others at the above- 
mentioned reference 2 (applied physics Letters (Applied Physics Letters), the 61st volume, 1992, 1510th 
page - 1512 pages). 

[0013] The two-dimensional image of the scattered light reported to each of these reference is regarded 
as an image with same scattered light from particle with a very small magnitude of about several lOnm 
and scattered light from the big particle about mum from sub mum. However, by this image, the whole 
particle is only observed like one cloud which is shining. And once it takes the obtained image on a tape, 
the spatial distribution of particle size is calculated according to brightness (after memorizing). 
[0014] For this reason, distribution of the particle which exists between absentminded rather than a 
wafer front face cannot be measured on real time, but there is a problem that the condition which 
changes the yield of a wafer and equipment every moment cannot be pursued. Therefore, in the 
processing after acquisition of such an image, in order to prevent wafer loss, a mass production process 
engineer has the problem of being hard to judge the action which should be taken. 
[0015] Moreover, although the scattered light from one point of the space in a desired process is 
measured in order to measure the particle size and density of particle, by this method, time amount 
change of a motion of the whole particle or distribution is not known. That is, also in this case, in order 
to prevent wafer loss, there is a problem of being hard to judge the action which a mass production 
process engineer should take. 

[0016] Furthermore, in the polarization analysis of the scattered light using a revolution analyzer method 
which is indicated by the above-mentioned reference 3, about the time of inserting a quarter-wave length 
board, and each case when removing, unless it measures, it cannot ask for all the Stokes parameters 
required to presume the particle size of particle, number density, and a refractive index. 
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[0017] Now, in the manufacturing process of LSI, the single-wafer-processing process unit has become 
in use, and process time amount per wafer is made into about 120 seconds from 60 seconds. Therefore, 
it is necessary to act as the monitor of the generating condition of particle every moment within this time 
amount, and to provide a process engineer with that result on real time. 

[0018] however ~ a revolution analyzer method -- the process time amount to a wafer - at most ~ it is 
difficult for the object which sometimes pursues change of **** within 120 seconds to apply this 
method. That is, since growth of particle advances while carrying out two measurement of the existence 
of a quarter-wave length board, there is a trouble that the Stokes parameter which can be found from the 
obtained result cannot reflect process environment in specific time of day. 

[0019] Therefore, this invention is made in view of the trouble of the above-mentioned conventional 
technology, and the object measures the particle which exists in wafer up space on in-situ and real time, 
and is to offer the equipment which prevents generating of poor particle induction in advance. 
[0020] 

[Means for Solving the Problem] In order to attain said object, a particle monitoring device of this 
invention The light source, a process unit, and a means to introduce light from said light source into said 
process unit, A light-receiving means to measure the scattered light out of said process unit, or 
luminescence, A signal strength judging means to judge size for signal strength from said light-receiving 
means as compared with a predetermined value, a means on which reinforcement of the scattered light 
out of said process unit and luminescence or its intensity distribution is displayed -- and/or, it is 
characterized by including a means on which distribution of magnitude of matter which causes said 
scattered light and luminescence, a number, etc. is displayed. 

[0021] Moreover, this invention is a monitoring device [ particle / which is generated within a process 
unit used by production process of LSI ] using laser light scattering measurement, and is set to 
equipment which measures change of a polarization condition of the scattered light using an analyzer 
and a wavelength plate. A particle monitoring apparatus characterized by providing a device in which a 
wavelength plate is rotated for the Stokes parameter required to presume a refractive index of particle, 
particle size and its distribution, and number density in order [ of a process unit ] to sometimes ask 
according to change of **** is offered. 

[0022] Furthermore, pulse laser light is used for this invention, it carries out counting of the pulse 
number of a laser beam, and is characterized by rotating a wavelength plate for every desired pulse 
number. 

[0023] Moreover, this invention offers a non-dust-ized process unit characterized by providing at least 
one of a means to control **** of said process unit which operates based on a comparison result signal 
from a signal strength judging means [ a predetermined value / signal strength / from said electric eye ], 
the Inn stew (inch-situ) cleaning means with which said process unit was equipped, or the means to 
direct an overhaul procedure of said process unit in the above-mentioned particle monitoring device. 
[0024] 

[Embodiment of the Invention] The gestalt and example of desirable operation of this invention are 
explained below. 

[0025] A principle and an operation of this invention are explained below first. For the predicted 
maintenance of the defect by process induction particle, it is required to detect particle with a magnitude 
of several nm to several lOnm. If the wavelength which does not affect the reaction in a process is given, 
it is usually necessary to use the light of a visible region. 

[0026] In this case, the target particle is smaller than wavelength with a digit, and Rayleigh scattering 
may consider that light scattering mainly becomes. Usually, if the Rayleigh-scattering light 
reinforcement I of the light of the wavelength lambda by the particle of a radius a, complex index of 
refraction m, and number density N sets incident light reinforcement to 10 and the angle which makes 
scatterer, the direction which goes the distance during point of measurement to point of measurement 
from r and scatterer, and the travelling direction of a laser beam is set to theta, what is expressed with a 
degree type (1) is known. 
[0027] 
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I=A- (2tt/A) 4 • f (m) ■ a" -N - I 0 

- (1) 

However, A=(l+cos2theta)/2r2f(m) =|(m2-l)/(m2+2) |2[0028] In the scattered light, when conversion 
efficiency to the electrical signal of an electric eye is set to eta by the electric eye at the time of a carrier 
beam, the signal strength S from a photogenic organ is expressed with a degree type (2). 
[0029] S=etal (2) 

[0030] As shown in drawing.! , the case where the scattered light from the particle in a process unit 12 
is observed from a right angle to an incidence laser beam is considered. Drawing.! and a number density 
dependency seem for the particle diameter dependency of the signal strength from a photo detector to 
show [ by the electric eye 13 which consists of a photo detector of a CCD element array ] the scattered 
light from particle to drawing 5 , respectively at the time of a carrier beam. It seems that moreover, the 
diameter of particle and the relation of number density detectable from these results are shown in 
drawing 6 . 

[003 1] On the other hand, although it leads to defect generating in order to foreknow the poor particle 
induction on the front face of a wafer in advance and to prevent it, the Inn stew (inch-situ) needs to 
detect in a process the minute particle of the magnitude and number density which do not produce a 
defect, and it is necessary to act as the monitor of the process in which these grow, on real time at the 
event. 

[0032] Furthermore, in the process which acts to the magnitude of this minute particle as the monitor of 
the time amount change of number density, if predetermined magnitude or predetermined number 
density is exceeded, a process engineer is told about that, or **** of a process unit is controlled 
automatically, control particle generating, in-situ cleaning is carried out, or the overhaul procedure of 
equipment is directed. 

[0033] Magnitude of particle which becomes the criteria which make such a judgment in process of a 
monitor is set to ai of drawing 4 , and number density is set to nickel of drawing 5 . Moreover, the 
straight line 11 it is decided from this ai and nickel that will be drawing 6 is shown. 
[0034] In ai, nickel, and a pan, li changes also with the class of process, a material, and degrees of 
integration of LSI which changes with equipment used further and is manufactured. Moreover, when 
decision judges a multistage story like in the alarm of not only one kind of continuation and interruption 
of a process but minute particle generating, the alarm of the possibility of defect generating, directions 
of cleaning, directions of an overhaul procedure, etc., it is necessary to specify ai, nickel, and li used as 
each decision criterion. 

[0035] In this invention, although the incidence laser beam for generating the scattered light may be 
continuation light or you may be pulsed light, when measuring the scattered light using pulsed light, 
there is further advantage. In observation of a backscattering or forward scattering, the information on 
the magnitude of particle is acquired from the reinforcement according to the formula of the scattered- 
light reinforcement mentioned above. 

[0036] Moreover, the information about the number of particle which exists is acquired from the number 
of the pulses of the scattered light observed on the basis of the incidence time amount of one certain 
incidence pulsed light. That is, the magnitude and the number of particle can be separated and measured. 

[0037] Drawing 1 is the block diagram showing the configuration of the gestalt of operation of this 
invention, and is the block diagram showing even a series of actuation from the monitor of particle. 
[0038] If drawing 1 is referred to, in the gestalt of operation of this invention, the pulsed light or 
continuation light from a laser light source 1 1 which consists of a laser oscillator and a device which 
scans a laser beam spatially will be introduced into a process unit 12, and the scattered light will arise by 
the particle which is floating to this interior. Like Rayleigh scattering, this scattered light may be the 
scattered light of the same wavelength as incident light, and may be the thing of different wavelength 
from incident light like Raman scattering. Although the main dispersion gestalten are Rayleigh 
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scattering, it is also expectable that Raman scattering arises depending on the target material. Moreover, 
not only dispersion such but observation of luminescence with a material is expectable. 
[0039] The scattered light is changed into an electrical signal by the electric eye 13. Although it is 
desirable that it is proportional to scattered-light reinforcement at linearity, the conversion to this 
electrical signal may be nonlinear as long as scattered-light reinforcement and an electrical signal 
correspond to 1 to 1 . 

[0040] As this electric eye 13, if CCD, a photo multiplier, multi-channel pliers, etc. are equipments 
including photo electric translation, they are good anything. Moreover, you may equip with a 
spectroscope before this electric eye 13. In observation of Raman scattering or luminescence, it is 
effective in separation from an incidence laser beam or the light in a process ambient atmosphere. 
[0041] The electrical signal from an electric eye 13 is inputted into the signal strength judging machine 
14. The reinforcement Ii corresponding to the set points ai, nickel, and li is beforehand formed in the 
signal strength judging machine, and the size of the signal I of the scattered light and the set point Ii is 
judged. 

[0042] At the time of Kli, the alarm of in-situ cleaning or overhaul -procedure directions is displayed 
with the size relation between Signal I and the set point Ii at the time of I>=Ii of process continuation. 
[0043] Moreover, the spatial distribution within time amount change of Signal I, the method of access of 
the signal I to the set point Ii, and the process unit of Signal I etc. is displayed by the annunciator 15. A 
process engineer can grasp a process and its device status by this. 

[0044] Moreover, it is parallel to this and the signal from the signal strength judging machine 14 is sent 
also to the process device control machine 16. 

[0045] This process device control equipment 16 applies the feedback for maintaining a process unit 12 
by the optimal environment according to I<Ii and I>=Ii to an annunciator 15 being a mere drop. 
[0046] For example, if the particle of a minute amount has occurred even if it is a time of a judgment of 
process continuation being made at the time of I<Ii, change of ****, such as power, temperature, and a 
quantity of gas flow, is detected, and this will be returned or it will be made to change so that optimum 
conditions can be maintained. 

[0047] On the other hand, if it is I>=Ii, standby or operation of the in-situ cleaning machine 17 of a 
process unit is made to perform, or the halt machine 18 for an overhaul procedure will make it stand by 
or work, and a process unit will be suspended. If it is not one and two or more set points Ii are used, still 
finer display and control will be attained. 

[0048] On in-situ of the process device status based on the measurement result of the scattered light by 
particle explained above, and real time, based on a scattered-light reinforcement top type (1), monitoring 
and the predicted maintenance of defect generating determine the management numeric value of a 
certain request to the radius a and number density N of particle, and judge the size of the surveyed 
scattered-light reinforcement, the scattered-light reinforcement decided from these managements 
numeric value, and **. 

[0049] since there is two or more combination of the radius a of the particle which gives the same 
scattered-light reinforcement, complex index of refraction m, and number density N as shown in a top 
type (1), if a and not only N but the complex index of refraction m can be presumed according to an 
individual, since the knowledge about spatial distribution can be acquired for every presentation of 
particle, when performing a defect's predicted maintenance, effectiveness is markedly alike and 
improves. 

[0050] The method of presuming a, N, and m according to an individual introduces the laser beam in a 
specific polarization condition in a process unit, and the polarization condition of the scattered light 
measures the change to it of a laser beam. 

[005 1] The principle of the polarization analysis method of this scattered light is indicated by the above- 
mentioned reference 3. Moreover, although the array and component of an optical element on an 
equipment configuration are made the same as the thing of the reference 3 above-mentioned publication, 
as a decisive difference is shown in drawing .2 , the analyzers 19 installed before the photo detector 26 of 
the scattered light are using it, fixing and using the revolution quarter-wave length board 20. An 
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analyzer is rotated and the quarter- wave length board is made to fix by reference 3. 
[0052] Through a polarizer 21, the laser beam 22 of a specific polarization condition is introduced into a 
process unit 12, and the scattered light 24 arises by the particle 23 in the interior. By the this revolution- 
phase shift child method using a revolution quarter-wave length board, the scattered-light reinforcement 
I detected by the electric eye 13 is shown by the degree type (3). 
[0053] 
[Equation 1] 

1 = 1 uc (2-Q) - I dcQcos4 <ut + It>c2Vs io2 o> t - I dcU s in4 <o t 
fiU 

lDc=*g3£3i* 2 6t>b<D£Jwmm (DC) 

Q = - c o s 2 V 

U= s in2?cosA 

V--s i n 2Ttfs i nA 

a)=l/4«fSco|iieftiS« 

[0054] That is, since time amount change of the scattered-light reinforcement in a photo detector 26 
contains all the required Stokes parameters, it can carry out the Fourier transform of the time amount 
change, and can ask for these from the Fourier coefficient of the angular rate of rotation of a quarter- 
wave length board. 

[0055] That is, by the revolution phase shift child method, it can ask for the particle size of particle, an 
optical constant, number density, etc. from 1 time of a measurement result from two measurement of the 
existence of a quarter-wave length board being needed in quest of Q, U, and V by the revolution 
analyzer method of the above-mentioned reference 3. With the conventional technology, while this can 
carry out monitoring of the particle generating in the difficult process unit on in-situ and real time, it 
means that particle size, and number density and a refractive index can also be presumed on in-situ and 
real time. 

[0056] And or the particle generated in wafer up space would not grow by the reaction in a process, it 
comes to be able to perform distinction of whether to originate in exfoliation from an electrode or an 
equipment wall, if this revolution phase shift child method is used. 

[0057] It is because it is known the particle the reason grew up to be by the reaction, the particle 
produced by exfoliation, and that presentations differ then and a difference of a presentation appears as a 
difference in a refractive index. 

[0058] Namely, according to the gestalt of this operation, the cause of generating can be clarified and 
the countermeasures suitable for it can be taken now. To the particle which is growing and floating 
during a reaction, a defect's predicted maintenance is made from reexamination of process conditions, 
and a viewpoint of modification. On the other hand, to the particle which originates in exfoliation from 
an equipment wall, the viewpoint of in-situ cleaning of equipment or an overhaul procedure to a 
predicted maintenance becomes possible. 

[0059] In the gestalt of this operation, although the block diagram showing the flow of the signal shown 
in drawing 1 and drawing 2 is the same, ai, nickel, and li in drawing 4 , drawing 5 , and drawing 6 can 
define it to each refractive index m. 

[0060] And the predicted maintenance to generating of the defect by particle is performed by the 
judgment of the signal strength same with having mentioned above. 

[0061] Thus, in the gestalt of operation of this invention, monitoring of the condition of a process unit 
can be carried out on in-situ and real time by detecting the minute particle in a process by the scattered 
light of a laser beam, and comparing with the value which set up the signal strength beforehand. 
Furthermore, defect generating can be foreknown in advance, the cause can be removed, and a non-dust- 
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ized process can be realized. 
[0062] 

[Example] The example of this invention is explained below that the gestalt of operation of above- 
mentioned this invention should be explained more to details. 

[0063] The case of the heat CVD process of a tungsten is explained as the 1st example of [example 1] 
this invention. The configuration of this example is shown in drawing 3 . The particle diameter of the 
signal strength of the scattered light and the relation of number density which are obtained by the 532nm 
of the 2nd higher harmonic of an YAG laser are shown in drawing 8 . 

[0064] In order to predict poor particle induction and to control a defect's generating, 12 decided by the 
lines 11, a2, and N2 which set al=20nm, a2=100nm, and number density of this to 3 1= 109 N[/cm ] 3 
and 2= 106 N/cm, and are decided by al and Nl in the diameter of particle used as the decision criterion 
of whether to perform feedback to a heat CVD system is repeatedly shown in drawing 8 . 
[0065] With reference to drawing 8 , when scattered-light reinforcement is smaller than the value 
decided by 11, a defect's generating is not produced. 

[0066] Moreover, having produced particle is shown, although it is larger than 11, and a defect is not 
generated when smaller than 12. 

[0067] And in being larger than 12, it shows that the danger that a defect will occur is large. 
[0068] The flow of the signal in this example and the control system to a process unit are explained 
using drawing 1 . The value of 11 and 12 mentioned above is set as the signal strength judging machine 
14. 

[0069] When the condition of a process unit 12 is good and particle has hardly occurred, dispersion of 
the light from a laser light source 1 1 is hardly produced, but the transmitted signal strength from the 
electric eye 13 to the signal judging machine 14 is small. The signal strength at this time is recognized to 
be a thing smaller than 11, and that is told to an annunciator 15 and it is displayed. Simultaneously, this 
purport is told to a process controller 16. And since signal strength is smaller than 11, no feedback starts 
to a process unit 12. 

[0070] Moreover, the signal for which actuation of the in-situ cleaning machine 17 is made to stand by 
from a process controller 16 is told at the same time that is displayed on an annunciator 15, when signal 
strength is larger than 11 and smaller than 12. Consequently, after processing of the wafer in a process is 
completed, in-situ cleaning by the plasma using NF3 gas is performed, and a process unit 12 returns to 
the original normal condition. 

[0071] And when signal strength is larger than 12, while that is displayed on an annunciator 15, the 
signal for which actuation of the halt machine 18 for an overhaul procedure is made to stand by from a 
process controller 16 is told. If the wafer in a process is inspected with visual-inspection equipment and 
it is normal in that case, a process will be continued, but when the defect has occurred, it overhauls by 
suspending a process unit 12. 

[0072] Thus, the cutback of the down times of equipment and generating of a defect wafer can be 
greatly reduced by acting as the monitor of the scattered-light reinforcement, and applying feedback to a 
process unit based on the result as compared with the value of the set point. 

[0073] In this example, although referred to as 3 al=20nm, a2=100nm, and 1= 109 N[/cm ] 3 and 2= 
106 N/cm, since these values differ according to the equipment used or process conditions, these values 
are set up according to each case. 

[0074] Moreover, although the signal from the signal strength judging machine 14 has composition told 
in parallel with an annunciator 15 and the process device control machine 16 in this example, as shown 
in drawing 2 , the configuration which an annunciator 15 is told that the signal from the signal strength 
judging machine 14 is, and a process controller 16 is told that a signal is from an annunciator 15 is also 
considered. In this case, a process engineer sees an annunciator 15 and makes a process controller 16 
operate. 

[0075] Moreover, in this example, although not scanned spatially, if the device which scans spatially the 
laser beam which is one of the components of a laser light source 1 1 is operated, a laser beam can 
measure two-dimensional [ of scattered-light reinforcement ], and three-dimension-distribution by the 
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annunciator 15, and can know generating and the distribution condition of the particle in a process unit 
12. 

[0076] The case of the plasma etching process of a tungsten is explained as other examples of [example 
2] this invention. The configuration of this example is shown in drawing.9 . 

[0077] A laser light source 1 1 can obtain the laser beam 22 with a wavelength of 532nm which became 
the 45 -degree linearly polarized light, after penetrating this polarizer 21 including the laser equipment 
25 and the polarizer 21 containing an YAG laser oscillator and the nonlinear optical crystal for second 
harmonic generations. 

[0078] Laser beams 22 are scattered about by the particle 23 which is floating inside a process unit 12. 
The scattered light 24 passes along the analyzer 19 currently fixed after penetrating the revolution 
quarter-wave length board 20 which rotates with constant speed, and reaches the photo detector 26 
equipped with the interference filter. 

[0079] With the data-processing vessel 27, the Fourier transform of the time amount change of optical 
reinforcement is carried out, and it asks for the coefficient of a top type (3), and asks for the Stokes 
parameters Q, U, and V further. 

[0080] psi and ** which specify the polarization condition of scattered-light reinforcement and the 
scattered light are computed from these [ Q, U, and V ]. And the particle size of particle, an optical 
constant (refractive index), number density, etc. are calculated from these numeric values. 
[0081] In order to predict poor particle induction and to control a defect's generating, al=20nm, 
a2=100nm, and number density of that are set to 3 for the diameter of particle used as the decision 
criterion of whether to perform feedback to an etching system 1= 109 N[/cm ] 3 and 2= 106 N/cm. 
[0082] 12 decided by the lines 11, a2, N2, and m decided by al, Nl, and m from the refractive index m 
computed with these numeric values and data-processing machines 27 is shown in drawing J„0 . 
[0083] If particle size changes with growth of particle or the core of particle and a surface presentation 
change in process of growth, a refractive index m may change. That is, in drawing 10 , the lines 11 and 
12 of a decision criterion change according to change of the actual measurement of m. With the data- 
processing vessel 27, since m, a, and N are computed, the size of signal strength can be judged to 11 and 
12 at each [ of measurement ] event. 

[0084] With reference to drawing. 10 , when scattered-light reinforcement is smaller than the value 
decided by 11, a defect's generating is not produced. 

[0085] Moreover, having produced particle is shown, although it is larger than 11, and a defect is not 
generated when smaller than 12. 

[0086] And in being larger than 12, it shows that the danger that a defect will occur is large. 

[0087] The flow of a signal in this example and the control system to a process unit are explained below 

with reference to drawing 11 . 

[0088] The signal from an electric eye 13 is inputted into the data-processing machine 27, and the radius 
a, the number density N, and the refractive index m of particle are computed every moment in the data- 
processing machine 27. 

[0089] al, a2, Nl, and N2 are beforehand set as the signal strength judging machine 14. [ required to 
decide the value of 11 and 12 mentioned above ] Size with the scattered-light reinforcement it is decided 
every moment that the value of 11 and 12 will be, and it is decided from a, N, and m is judged to the 
value of a refractive index m. [ reinforcement ] [ value ] 

[0090] The condition of a process unit 12 is good, when particle has hardly occurred, the scattered light 
is hardly produced but the transmitted signal strength from an electric eye 13 and the data-processing 
machine 27 to the signal judging machine 14 is small. The signal strength at this time is recognized to be 
a thing smaller than II, and that is told and displayed on an annunciator 15. Simultaneously, this purport 
is told to a process controller 16. And since signal strength is smaller than II, no feedback starts to a 
process unit 12. 

[0091] Moreover, when signal strength is larger than 11 and smaller than 12, the signal for which 
actuation of the in-situ cleaning machine 17 is made to stand by from a process controller 16 is told at 
the same time that is displayed on an annunciator 15. 
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[0092] Consequently, after processing of the wafer in a process is completed, in-situ cleaning by the 
plasma using NF3 gas is performed, and a process unit 12 returns to the original normal condition. 
[0093] And when signal strength is larger than 12, while that is displayed on an annunciator 15, the 
signal for which actuation of the halt machine 18 for an overhaul procedure is made to stand by from a 
process controller 16 is told. If the wafer in a process is inspected with visual-inspection equipment and 
it is normal in that case, a process will be continued, but when the defect has occurred, it overhauls by 
suspending a process unit 12. 

[0094] Thus, the cutback of the down times of equipment and generating of a defect wafer can be 
greatly reduced by acting as the monitor of the scattered-light reinforcement, and applying feedback to a 
process unit based on the result as compared with the value of the set point. 

[0095] In this example, although referred to as 3 al=20nm, a2=100nm, and 1= 109 N[/cm ] 3 and 2= 
106 N/cm, since these values differ according to the equipment used or process conditions, these values 
are set up according to each case. 

[0096] Moreover, although the signal from the signal strength judging machine 14 has composition told 
in parallel with an annunciator 15 and the process device control machine 16 in this example, as shown 
in drawing.12 , the configuration which an annunciator 15 is told that the signal from the signal strength 
judging machine 14 is, and a process controller 16 is told that a signal is from an annunciator 15 is also 
considered. In this case, a process engineer sees an annunciator 15 and makes a process controller 16 
operate. 

[0097] Moreover, in this example, although not scanned spatially, if the device which scans spatially the 
laser beam which is one of the components of a laser light source 1 1 is operated, a laser beam can 
measure two-dimensional [ of scattered-light reinforcement ], and three-dimension-distribution by the 
annunciator 15, and can know generating and the distribution condition of the particle in a process unit 
12. 

[0098] As the 3rd example of [example 3] this invention, it explains taking the case of the case of the 
plasma CVD (chemical vapor deposition) of polish recon (poly-Si). It is known for the particle of Si that 
the wavelength of the Raman-scattering light observed will change with the magnitude of a particle. 
When the magnitude of Si particle is 7nm, Raman-scattering light arises in a 480cm- 1 low-energy side 
to an exposure laser beam. 

[0099] If the magnitude of a particle is set to 8nm and this variation will be set to lOnm 485cm-l, if it is 
set to 14nm, it will be set to 517cm-l to 510cm-l. It is observed in 22nm by the 520cm- 1 [ same ] as 
bulk Si. 

[0100] Then, reinforcement II and 12 is set up, for example, as shown in drawing 13 , based on the 
measurement result of the reinforcement to the wavelength of the Raman-scattering light from a polish 
recon particle, when the reinforcement of 5 10cm- 1 is smaller than II, it does not generate the defect by 
particle, but when the reinforcement of 520cm- 1 exceeds 12, it is shown that the danger that a defect will 
occur is large. That is, the monitor of the particle generating condition can be carried out the wavelength 
by which Raman-scattering light is observed, and by measuring the reinforcement. 
[0101] The Rayleigh-scattering light and Raman-scattering light from the process unit 12 shown in 
drawing 1 are received by the electric eye 13 which consists of a multi -channel spectroscope and a photo 
multiplier. A spectroscope separates the wavelength of Rayleigh-scattering light, and it of Raman- 
scattering light, and the reinforcement of each wavelength is measured. These signals are told to the 
signal strength judging machine 14, The value of II and 12 is beforehand set to this judgment machine to 
510cm-l and 520cm-l as mentioned above. 

[0102] The signal strength of Raman scattering which hardly produces Raman scattering included in 
light scattering from a laser light source 1 1 when the condition of a process unit 12 is good and particle 
has hardly occurred, but is transmitted from an electric eye 13 to the signal strength judging machine 14 
is small. It is recognized as the signal strength of 5 10cm- 1 at this time being smaller than II, and that is 
told and displayed on an annunciator 15. Simultaneously, this is told to a process controller 16. Since 
signal strength is smaller than II, no feedback starts to a process unit 12. 

[0103] Moreover, when [ than II / when the signal strength of 5 10cm-l is larger ] it of 520cm-l is 
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smaller than 12, about lOnm particle has mainly occurred and it is thought that existence of a bigger 
thing than this can be disregarded. While the judgment result of this signal strength is displayed on an 
annunciator 15, the signal for which actuation of the in-situ cleaning machine 17 is made to stand by 
from a process controller 16 is told. Consequently, after processing of the wafer in a process is 
completed, in-situ cleaning by the plasma using BC13 gas is performed, and a process unit 12 returns to 
the original normal condition. 

[0104] And if the signal strength of the signal of both 510cm-l and 520cm- 1 becomes larger than 12, we 
will be anxious about defect generating by the generated particle. The signal for which actuation of the 
halt machine 18 for an overhaul procedure is made to stand by from a process controller 16 is told at the 
same time that is displayed on an annunciator 15. If the wafer in a process is inspected with visual- 
inspection equipment and it is normal in that case, a process will be continued, but when the defect has 
occurred, it overhauls by suspending a process unit 12. 

[0105] Thus, the cutback of the down times of equipment and generating of a defect wafer can be 
greatly reduced by acting as the monitor of the scattered-light reinforcement, and applying feedback to a 
process unit based on the result as compared with the value of the set point. 

[0106] Although the signal from the signal strength judging machine 14 has composition told in parallel 
with an annunciator 15 and the process device control machine 16 in this example, as the 1st example of 
the above also explained, and shown in drawing 2 , the configuration which an annunciator 15 is told 
that the signal from the signal strength judging machine 14 is, and a process controller 16 is told that a 
signal is from there is also considered. In this case, a process engineer sees an annunciator 15 and makes 
a process controller 16 operate. 

[0107] Moreover, in this example, although not scanned spatially, if the device which scans spatially the 
laser beam which is one of the components of a laser light source 1 1 is operated, a laser beam can 
measure two-dimensional [ of Raman-scattering light reinforcement ], and three-dimension-distribution 
by the annunciator 15, and can know generating of the particle in a process unit 12, the distribution 
condition of magnitude, and a spatial distribution condition. 

[0108] In the example beyond [an example 4], Rayleigh-scattering light or Raman-scattering light was 
observed from the longitudinal direction to the incidence laser beam. The incidence laser beam could be 
pulsed light, or could be continuation light. This example explains below the case where pole ultrashort 
pulse light is used, with reference to drawingJ4 as a laser beam. 

[0109] The laser light source 1 1 contains the device by which a laser beam scans spatially the laser 
pulsed light oscillator and pulse laser light of 10ps(es). Such light is introduced into a process unit 12, 
and detects the scattered light reflected by particle by the electric eye 13 currently adjoined and installed 
in the laser light source 1 1 . 

[0110] counting which this electric eye 13 has the time amount disassembler of the pulse width of an 
incidence laser beam at least, and counts a pulse number further — it also has the means. By measuring 
time amount until it reaches an electric eye on the basis of the time amount by which the laser beam was 
oscillated, the location of the particle which exists in a process unit 12 can be pinpointed. 
[01 1 1] It is predicted that the data outputted from an electric eye 13 becomes a graph as shown in 
drawing 15 . The yield of particle can be measured with the scattered-light pulse number reflected. 
[0112] The magnitude of particle can be found with the reinforcement of each scattered-light pulse. This 
reinforcement can be found with Rayleigh-scattering light reinforcement, as mentioned above. 
[0113] When the pulse width of a laser beam to irradiate is 10ps(es), if N dyad speed is made into 500 
m/s, a molecule will move about 5 micrometers. 

[01 14] however, the mass of particle -- about 104 times of this ~ it is -- supposing — the speed — 10- it 
becomes twice, a travel serves as about 5 pm(s), and most migration of the location of the particle under 
measurement can be disregarded. That is, spatial resolving power is 5 or more pms. 
[0115] As shown in drawing 15 , two kinds of set points are established in this example. The 1st set 
point is [ cm ] the reinforcement II corresponding to magnitude with a particle size of 20nm as a 
scattered-light pulse number from a different location as 2x1010 corresponding to 3 109 pieces /, and 
pulse amplitude. 
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[0116] The 2nd set point is [ cm ] the reinforcement 12 corresponding to magnitude with a particle size 
of lOOnm as 2x107 corresponding to 3 106 pieces /, and pulse amplitude. 

[0117] With reference to drawmgi.4 9 to two kinds of set points beforehand set as the signal strength 
judging machine 14, if the pulse number and reinforcement of the scattered light reflected are below the 
1st judgment level, it will be judged that defect generating by particle is not produced and no feedback 
will be applied to a process unit 12. 

[0118] If it is below the 2nd judgment level more than the 1st judgment level, actuation of an in-situ 
cleaning machine will be made to stand by. After processing of the wafer in a process is completed, in- 
situ cleaning is performed, and a process unit returns to the original normal condition. 
[0119] Moreover, when exceeding the 2nd judgment level, actuation of the halt machine for an overhaul 
procedure is made to stand by. If the wafer in a process is inspected with visual-inspection equipment 
and it is normal, a process will be continued, but when the defect has occurred, it overhauls by 
suspending a process unit. 

[0120] Thus, the cutback of the down times of equipment and generating of a defect wafer can be 
greatly reduced by acting as the monitor of the scattered-light reinforcement, and applying feedback to a 
process unit based on the result as compared with the value of the set point. 

[0121] Although this example explained the case where Rayleigh-scattering light was measured, even if 
it is measurement of Raman-scattering light, it is applied similarly. 

[0122] Moreover, as the above-mentioned example 2 explained, the method of measuring the particle 
size of particle, number density, and a refractive index is also applicable in the polarization analysis of 
the scattered light. In this case, what is necessary is just to insert the data-processing machine 27 
between the electric eye 13 of drawin g 14 , and the signal strength judging machine 14. The function of 
the data-processing machine 27 is made to be the same as that of what was explained in the above- 
mentioned example 2. 
[0123] 

[Effect of the Invention] As explained above, according to this invention, it acts as the monitor of the 
particle which exists between absentminded rather than a wafer front face, or its precursor by in-situ, the 
yield of a wafer is predicted, and the particle monitoring device which enabled condition grasp of a 
process unit on real time is offered simultaneously. 

[0124] Moreover, according to this invention, monitor data is acquired as an image, the system which 
feeds back loss of the wafer by particle to a process unit that it should prevent beforehand is realized 
according to the information acquired by the image processing, it makes it possible to prevent generating 
of poor particle induction in advance, and, thereby, the reliability of a manufacturing process is 
improved specially. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

IPiawing.il It is drawing for explaining the gestalt of operation of this invention, and is the block 
diagram showing the flow of a signal. 

[Drawing 2] It is drawing for explaining the gestalt of operation of this invention, and is the block 
diagram showing the flow of a signal. 

[Drawi ng 3] It is drawing showing the outline configuration of the 1st example of this invention. 
[Drawing 4] It is the conceptual diagram of the particle diameter dependency of scattered-light 
reinforcement. 

[Drawing 5]. It is the conceptual diagram of the particle number density dependency of scattered-light 
reinforcement. 

[Drawing 6] It is the detectable related conceptual diagram of a particle diameter and number density. 
[Drawing 7j It is the configuration conceptual diagram of the polarization analysis method of the 
scattered light. 

[Drawing 8] It is the detectable related conceptual diagram of a tungsten particle diameter and number 
density. 

ffirawi.iig.9J It is drawing showing the outline configuration of the 2nd example (when the polarization 
analysis of the scattered light is used) of this invention, and is a configuration conceptual diagram at the 
time of using the polarization analysis of the drawing scattered light. 

[Drawi ng 10] It is the related conceptual diagram of the particle diameter in which the detection at the 
time of using the polarization analysis of the scattered light is possible, and number density. 
[Drawing 11] It is the block diagram showing the flow of the signal in the 2nd example of this 
invention. * 
ffirawing.12.]. It is the block diagram showing other examples of the flow of the signal in the 2nd 
example of this invention. 

[Drawing 1,3] It is drawing for explaining the 3rd example of this invention, and is a strong conceptual 
diagram to the wavelength of the Raman-scattering light from a polish recon (poly-Si) particle. 
[Drawing 14] It is drawing showing the outline configuration of the 4th example of this invention. 
[Drawing 15] It is the conceptual diagram of the time-resolved-measurement result of the pulse scattered 
light. 

[Description of Notations] 

1 1 Laser Light Source 

12 Process Unit 

13 Electric Eye 

14 Signal Strength Judging Machine 

15 Annunciator 

16 Process Device Control Machine 

17 In-situ Cleaning Machine 

1 8 Halt Machine for Overhaul Procedure 

1 9 Analyzer 

20 Revolution Quarter-wave Length Board 

21 Polarizer 

22 Laser Beam 

23 Particle 

24 Scattered Light 

25 Laser Equipment 

26 Photo Detector 

27 Data-Processing Machine 
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[Translation done.] 
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DRAWINGS 
[Drawing 1] 
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[Drawing 5] 
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[Drawing 11] 
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[Drawing 9] 
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[Drawing 10] 
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1#. 199 2^. *15 101C-15 12Jt) ( r X 
SR2j fcir^) «SE»t,#8B3*i4. 
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(3) 



&gfl¥l 0-1 0036 



[ o o o 7 1 ±fc. ?ftmmmm.<r>v-?mm^ 

xSfflWifc. a-- r <( ? >V<m.i$.. ft«£. 
[0008] c^fficojWfcflJJi, Witf, fl^fcJ-o 

(Jpn. J. Appl. Phys. ) I^O® 3 3 
% ( 1 9 9 4^) 7 6H*^L4 7 8Ht^S 

[0009] 

[%0J* J S?^;UJ: a fc-f 4IHI] ±ELfcfl6*««*>3 20 
±I2#^3 - 3 9 6 3 5*^fclEtt0a«tt, 

com-- f <* ^^*aJ^1-SSMfc:»t5 i><7)T'£>6*\ 

[ o o i o i 4fc, mjtzw®m^zimi>m?& 
®.mmt int. ±e LfcKHHM - 3 5 2 0 7 7# 

[00 11] HH¥3-39 7 2 l-f48B(cE 

d (^ssftiBW) -caesu f -r t/wm&i 

7-D-fe^SiartT-cOM-f -f 9)V%£M 

wz\mm5--fi^-T4 ?n> 

[0 0 1 2] ifc. ro-feXgM^Wx^fflicOS 

cd (mm?) *^5-cai£L-cii**i»**s6 

iWUlf. -fe/l/t'y (Gary S. Selwyn) £J: r>X±.i&C. 

>■ F f?/n-/'-S, SSB9^ 1 99 1*. 834 
8 7M-3 4 9 2H) IztmZHX^Z . ttz. mm 50 



•t?X (Applied Physics Letters) „ S 

6 1&, 1 9 9 2^, gl 5 1 0K~1 5 1 2 JO tR 

.[0013] ^ix^co^Xmiz^^tlX^^^tco 
tiX\^h. L*»L=0r*«A». i^WTCtt. A'-f^/l^ 

[0014] ZCOtzth. ^iaMJ: 0 *>±«£BH:# 

ftt&A--f -r ^/ko^j y r^-f A-eaiisg-r-g. <r 
(oioKw&commnxmx'it. ^x^**i»jh-r 
[ o o 1 5 ] tn. ^-T4 7>wfmt*<r)®mim 

^oiS^^ffiWi^b^^^^. •rt^, z\<r> 
[00 16] Sfet:, JJESaKStBttS^J:^*, 

[0017] L S I tf«H®XSTt4tfci6«rn-b 
«[g|U6 0fW»4> 1 2 O^gffifc §ft."C^S . 
^-^-L, ^cOiSHS-, VT>l>?4J>.xm±Ami 

[0018] tC^>* J . EWEUBWffiTtt. -)i^<7) 

iwsgwwi. ^o^ffi^nffl-rs^tJi. rare* 

rate. r-f^K0*SjWifff5Jt»t. %hfifz 

[00 1 93 t£A { oT, JJE«3R8E»IW)IBI 
»fii»=«»"C*«W!:tOTft->r, *<0BWI2, <7x 
AjiSfatCffTtt^A'-r in-situ,i> 
•oyr/^^A-CfHUL, A*-r -f ^/^S^ftcT)^ 
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(4) 



iOT 1 0 - 1 0 0 3 6 



[0020] 

[ o o 2 1 1 l s i n^rnxwcmm 

tzmwco&f«m«co^mzifctx%th&fzibiz. m% 20 

[ 0 0 2 2 ] S fe£, *%pm. >WX U-1f36tttffl 

tfc:*Ji«*llie**4;i:t»fai:LT^4. 

[ 0 0 2 3 ] 4fc . Wi, ±ie^°-r -f 7/1^-? 

-mmza^x. WKSjfcBfrfcoft^SME&BfS^ 

^x^mhmtirxi^xmm.nm-niwm'h^ 
itzitmiru^x^mzmmhtz-i y-^u- 30 

( i n - s i t u ) ? ^fcJiHulBrn 

1 r>-&wm*& z t ti#ai:'t4*iHMt;7'n-fe^aS' 
sew 4. 

[0024] 

[0025] 4-r*##*>«3 • ftUfl*iaTfc«9l* 
ftWCJi, gCnm*><5lSl Onn^?W<- f4 ? 40 

[0026] dcO*|^, M^i:-tl./N-r * ?/Witt* 
i OfTC/hS < , ftlfcSLll W 'J -Btatfifc:** t# 
itctV\ jil?ft¥ga, mSJffiff^m, WIFJSN^'C- 
r-f ?/14iJ:&2fcgAc7)3fr7)lx>f 'J Hi, 
AM*3*K* I d fc U «§.f*tt«Sjfii<0Ho®it 

Mt*%?ft*et+lb. »ss (i) -cssfiiit 50 



a' • N 

(1) 



Io 



[0027] 

I =A • (2 7t/A) 4 • f (m) 

fiu , 

A= ( l+cos20) /2 r 2 

f (m) = I (m*-l) /(m* + 2) 1 2 

[0028] ttSL3Kfc»IM»-C»tfc J: £ , Sftflom 

SliJteS (2) -CSSii*. 
[0029] S = ?7 I ■•• (2) 

[0 03 0] 03 liZijct X o 1, TcMrXgMl 2*<?) 

^*CCD^7U-4*3l£*W>>$r4g*»l 3 

[0031] >>iA^wvf -f ?/n&e^ 

( i n - s i t u ) t*L, ZtLhtflUX-tllim* 
>)T)V9A AX'*:-? -t 

[ 0 0 3 2 ] $ t>lZ, <! cOSMvt— f 4 § t 

•MLT^t— r-f ^/l^tSrJWILfc'J, i n-s i t 
u 7 'J --y^ L/c 9. ^gO^-^'-^-yUJr^-t 
4. 

[0033] ^-?-cV&m?Zcr>J: 3«rW»t-r4* 
^JK$-H5C0Nit-n>„ 06(C, ^WaitNi 

[0 0 34] ai, Ni, SfeCtt litt. 7°P-bX<0S 
iLSIomWKtei-sTtJWr*. 4fc, WW/n 

m<vpimftob$iztt. *n«ioflBfawfc** 

ai, Ni, li«r|»ei-*<fi«#*&. 
[0035] *IMHK:*JV^tt, «fl93t**4S-e-6fc 
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[00 3 6] fah 1 o^Alt^XftcDASWIS 

[ 0 0 3 7 ] 0 1 <i, *«W««Wt«»»<r>l||Rt5rr 
[0038] Hi £#Bfrr* fc . *&H£>£ft?)JB!ll£ 

wrutx^w. 1 2 imxzti. z toftwcfflt tx 
[0039] aa3B458t» 1 3 •cmsutstsaisft 

[004 0] w^g^l 3tlX\±, CCD, 7*F 
®KS13<ol9fc*BeS*g#l/C«>J:v>. ^^SSL 

[0041] %m 1 3 # & m^mm^&m. 
a^ft# i tasM i i t coiz^mm-ti . 

[0042] fi-*F 1 tf&gffi I iO^hflMMiJ: -»T I 

< I iCOmziiTn-kXW^cr). I S I i<0^fc{± i n - 

situ? v --yy^-^-^-^^cnmmcom 

[0043] ttzm^r I mWiit, l&5gffi I 

^•icojgaott*. i orn-fe*3s«i*rw>2iH# 

[0 044] .lilt WrLT. ffi^5fc«£f§l 

[oo45] znru^xgmwmm 1 6u. m^* 



5 ) 10-10036 

8 

htz#><F>7 4 - FA- y ?£MM> . 
[0046] fflx-tf. I < I i<75B$. Tu-tXffimcDPl 
mfr-TZilX^&tZX'fo^Xh. WM.Wi-'f 4 9 IV 

[0047] I § I iX'htltf » 7t>-feXg«cO 

10 i n-s i tu7 l J--y^Sll 7<?>X?yJWttilt 

S£flIitl-5 , «i«r<a8Rfflv^4 4:. Sfcfc 

[0048] JjliJHfflLfc. ^-r^^tJ:*«SO£ 
Wft«tS*tEa^ivfe7*n-fexi6M«}B«)i n-s i t 

fiScSL3t3fiSO_h^ ( 1 ) ta-^'UT, 

20 jwt, mm%iv£w®ytfmk. c\tit>v®mm* 
[ o 04 9 ] ±3* ( i ) frhftfrhx o t. H-rosca 

[005 0] a. N. mfcfflJH£llS&r*2r8;li. 

[00513 zvmstf&ymtmmitommii. jjb 

3R?2 6«ffltaaW«|(l3ieFl 9(ia^L.Tffifflf •& 
^fcfc, 0tel/4«fiK2O*ttffii-4ii:-C*4. 
X«3Ttt«l36^*lill6S-fr. l/4}!fcft«{21l5g£-ti: 

40 [0052] 1 £:frLT^£oiI*KfKc7>W- 

•f*2 2*^ ro-b^jai2t»A*n. rt»c*& 

^-■f-f ^/U2 3tJ:oTIBSL3C243W^t4. ^ixSr 
HIIgl/4a»«*fflv^[iIiEBPWFi6"Ctt, S3tSl 

3 ti^{U$*i4fiS3K^ffi i aac* ( 3 ) -c^sn*. 

[0053] 

[»1] 
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( 6 ) ftSFF 1 0-10036 

9 1 0 

I = I dc (2 -Q) - I ocQcos4 tu t + I »c2 V s in2 © t — I ocU s tn4 o> t 



lDc=£ft*f-2Ba}>S.<Dfflfl<zmift (DC) 

Q = -c o 6 2V 

U= 3 i n 2?c o s A 

V = -« i n2Ts i nA 



[00 54] -f=5r;b*> . Sft*? 2 6 fcfclt* . ftSlft 

[00 55] . ±fe»3cD@ft&3Wi£-c 

14. Q. U. V**ftSfctil/4»S«<?5«l!W>2ia 

-eitf>aisas**» & , a--t * ?;KOKfi, #^s$. 20 

Srin-situ. 'JTM^Att-^'J^mS 
i: mmz. fig^WBK. Ja*f*t in-situ. »J 

[ 0 0 5 6 ] * IX . -I^IBCBJWf ffifcfflV^S t . *j 
x A_L£|gJTf6£-f 4 a-- f -f ?;k#7a*x4>c7>KJS 

[00 57] -f^aifi. RiSfcioTjacftL^'C-T 30 
«*tf#flr4£fc]WlI&*iTi3 l 5. «tfc«>«»4. Stff 

[0058] zcommcommiziiini , 

SI. J:? KJ£+^^U'?ifiUTV^A--T^ 
SBf 4A°~r -f ?/M;:*tLTti§SH<?> in-situ 

? ^~->y^~)^i^-)V(r)mM^h^m^.iM 40 
[oo59] zcommcommizts^x . m 1 . m 2 ic* 

4. H5. a^E36(C»tt6ai. Ni. #JSff 

[0060] zix. ±Mitz<?)tmm%m^%i&cvw 

5£T\ A-f-4?/MiJ:4^&o3g£C^4^»ffi£ 
[ 0 0 6 1 ] CIO J; 0 fc. *fMB^MWttfMBIBifcfcif 



ifclot. Tn-fcX§SBW*«i£i n-s i tu, U 

o-tex£Sgg|T'§4. 
[0062] 

[0063] [90tn i ] i <nmm\t i 

HH-fS. H3fc. ^MSWWMWifcjic*-. YAGU- «f 
0)$2ffiMft5 3 2 nmTl#^l4fM3^«^ftK?) 

[0064] A-r -f ?/l4&^&£^«IL^&<7>$££ 
5: mit 4 tzMz ,»CV D^a^«7 * - K a' •/ ? £ 
ff9*»SA>cOWir»ii:^l»A--f-f^;K^«fl5:. a 
i = 2 0 nm s a 2 = 1 OOnm, ifc, 
Ni= 1 O'l/cra 3 , N 2 = 1 0 6 li/cm 3 i:L, ai 
tNiT*4*«lu aifcN»T1fci4 1i£. 08fc 

[ 0 0 6 5 ] 08 £#BBLT . ffcSUSSStf 1 iT8t4 
4 <1 i 0 «> /h £ \y b * Ji*J£^£li£ t£ 
[0066] 4fcliii)t**<» liJrOfc/hSot 

[0067] -eLT. liiOfc^SV^CU, 

[0068] *SettWT^i-f«)aEh., ai/rn-tx^ 

1 1 1 1 20<itifi-f^S¥tell 1 4 CHJgLTti < . 
[0069] ro-feXgai 2«40»ift< A-tm ^ 
^'(JtAtmLtv^^ttai, u— tf«l 1 

#3MEtt 1 1 i 0 t>/hSv^fc«04:BSiSfi. -f-Og^'ft 

1 iJ: 0 fc/hSviOT. To-bx^Sl 2(cMLTt4M 
(07 4- HA'7 ? ka>j&'fc$:VV 
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1 1 

[0 0 70] ttzmW&limitXZK liiOi 
i:p]^(C. rD-fcXfMfflSIl 6frbi n-s i tu?'J 

kNF 3$Zim">t:7°7 & in-situ? 

[007 1] *LTWHME0MiJ:Di:*#W:*fc 

xtpmx^nmiaamxmt tx m^mma 

P-fcXSSfil 2«rff±LT3T-A-jJ;-/^|tilrt-4. 
[0 0 7 2] £<0j;?(c. tWL#a*£*-*-LTR 

5gffl<0fflfcit«U *^M££*-^vt7P-fcXg«;: 

[ 0 0 7 3 ] ai=20nm, a 2 =10 

Onm, Ni = 10 9 ii/cm 3 , Nz=l 0 e i/cm 3 i: 

mt£h<nx\ ztiztiom&izi&txztieznmtfmfe 

[ 0 0 7 4 ] 4fc , *38tt«?tt, **5MePl5tS 1 4 
a»6*>«*WS**ij*H 1 5 fcTn**«iBW»S 1 6 

1 5fc£*Wi. m^fS?8Sl 5*>&7-a-fe*(|»«l 

v*xmm<ma*%i 5z*.xrv*xmmi 

[ 0 0 7 5 ] ifc. sRSttfiflTtt. U— 9**(4ffilBWfc: 

lr vfiri, W , U— If 1 1 cofg&g^) 1 -?t 

xmfct&zttfxz, rn-txgmi 2t\<?»*—T< 

fknmLtft^W&Zft&Ztfi^X'Zh. 
[0076] [306012 ] ^H^fffi^HSICaji: LT , 
9 V 9x r y<97* 7 •/ y 7? p -b * to 

[007 7] V-fmi Hi. YAGU~*'&ffiSli 

fcflB£F2l££*. £0>fl»£F2 1fciffifiU:flL 4 

5' <0lBfflftC&ofc&ft5 3 2nmOU--f3£2 2 

[0 0 7 8] U~!f#2 2tt, To-feXgll 2c0(*|g? 

fc»au , c^*^-T-f^2 3fcj:orttas*i*. 

»Sl3t2 4tt. -je3MtCEWBtftEBEl/4tt*«2 
0*jg&fft« H£3#iTH**efc?19*»0, T»7 



7 ) KBRT 1 0-10036 

1 2 

*;p*jS*R*&h.TV*4»l3IH t 2 6 cast?*. 

[0079] T-9am%2 7x-ii. tm&exaxsBsit 

*7-»Jx£»U ±5$ (3) SfcC* 

[0080] ztm>Q* u. v*»4, v fisauessKtaca 

[0081] A-f -f ^/l^SFft&TOLTO*)*!- 
10 £9mt h fcfcfc . x -y +y?Wfr«Jto 7 4-Y>U9 
i'if 3 i>5W«f!: Sr^A-f 4 a 
1 = 2 Onm. a!=100nm, ^fc-eftCDifc^JgSrN 
i = 10 9 ffl/cm 3 , N 2 = 1 0 6 fi|/cm 3 i:-f|>. 

[0082] £ft£^fflir-?WI»2 7T?JKBS 
ixSSff^m*>t, ai N Ni, mT"$£l>*£lu az. 
N 2s m"Cfc*l> 1 2&II1 ot^-r . 

[0083] a-t -f ?JW)gUUz X oTttgaWWtL 

20 h.mio iz&^x . wmmmenWi 1 1 1 1 «(±. m^n 
wt^wtfcis tTXft-r * . f -^«»» 2 7 -m, 

m, a. N^gcajf tfflO&B^T' 1 u lit 

[0084 ] Ml 0**miX. IBHJHIS^liTft 
[0085] iij:0(i^<. UiOtWn 

[0086] -eLT, ijiot*#v^t:a, ^ 
[0087] *3BtMt=*jtt*, fi^-oatu avrp 

[0 088 3 S3tHl 3*»4>«ffl*i7 r -^«SlH2 7 
r-^»l»2 7fc:*J^T» A'-f-^^ 

4. 

[0089] Jb&Lfc 1 i t 1 2«0ffiS^»4<?)fc:iS® 
«r, ai, at, Ni, N 2 {i, ^fi^^JSS 1 4 1 
40 jRjeLTi3<. JBjff^mOtffcWL-C. litl2C7)<i*i 

mtm^m*). a, n. m^ttiiftajHMtt^ 
[0090] m-txmmi 2<r>m&h i &< , A--f 4 
^^f^t■f. Sfttii 3. r-^»H2 7*^m^ 

50 *»IiJ:Ofc/hSvwC. ro-t^J6B12C«UTtt 
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HiiFFl 0-10036. 



1 3 



1 4 



<5J07 4 - Y'-s ? t 

[009 1] *fc«*»K*liJ:9t>:**< ltiOfc 
'hSufcfcCtt. 1 5fc«S?t«*i 

StH^ft. 7'o-feX$Jffl)?i 1 6*»<5> in-situ? 

[0092] -f-Oj&S, rn-bX+W^ x^MStfifc 
7-f4fcNF3^X^ffl^yi7"7XvtJ:Si n-si 
tu^'J --y^'ffbil, ro-bX^B 1 2 J£7D7)iE 
KWr«SIKS*. 10 

[0093] ^L-Cfl^WK^liiOt^Sv^fc^t 
tt. -to***. fl^R^l 5fc3tjS$*U>k£fc, 7" 
o-texMflHftl 6*>4>*-^-*-;Wfflffjt»l 8<off 

•t x a & $mmms.T®& i taw*** wi 

Hf 7 n -fe x frflHfrf * TJfcWfii L T ^ h t * fctt 

rn-feXgffi 1 2 £#jL LT o . 

[0 0 94] iOJ:3t. fcSbtSSSi&^-^-LTlg 

7-f-HA.jr^^4>{t6£ttJ:o'C. Wi^vf 20 

[ 0 0 9 5 ] #HS60>]T'{i, ai = 20nm > az=10 
Onm, Ni = 1 0 9 fa/cm 3 , N2=l 0«i/cm 3 }: 

[0096]**:. **»WC1i. fi*3ft(£M£» 1 4 

^wm-^fPi-^fsi 5 krn-fe^saBwwsi 6 

tlzW-ftlxmititi&ffi&lzKc-iX^&tf. mi 2 c 
^J:-3K» fi^3l«M£«143&>^^jWi^^ 30 

i6fc:fM^*6*i6^fc#*.fc*i6. .r<Di§£ 
tt, rnHr*««#jWI*|*ijS«l 5£#T7-D-ir*&il 

[0097] *3Wtwctt, u— fatiigaawfe: 

fttUtmo 2 fcjc. 3 fc7C«Pfirftf|i* 1 5 

?i\rf>WiktolS$mi:la&Zb.WVS?>. 40 
[0 0 98] [SdfiM3]*«ffltfDS3<i^aiSWt L 
T, iffJi/U^ytpoly-Si) ffyTyX^CVD 

**sfc:j:-jTafl:-r6;fc*%i6fi"cv^4. simm 

3tf*7 n mcoi: * fclliJflStU— fJ|£C# L-T 4 
8 0c m->fl£x*^-«fe:9Vy|ttaJbW^t&. 
[0099] $ #8 n mtcSr* t iWSWfc 

SJ±4 85cm-«{C. 1 Onmt&Sfc 5 1 0cm 
"•t. UnmW4t5 1 7 c nr 1 (C&l. . 2 2nm 50 



A;^Si fc|5]t5 2 0cm-'tcK)S!lS^&. 
[0100] 01 3tCjjr$-J:3fc. sKUS^Ja 

MRfcfcfcfc. ttKlifc l2£t£5£U WxlfSlOc 

fcAS^ftUfctUSrVtf*. 520cm-itf>5*fl» t Ii 

—X'%&ZkliZ%&. 

[0101] En^L^rn-feX^Sl 2*^<OU— 

7 * h*?n,+r?4 *-*>fc$r4»te» l 3 T»t4 . 
^JHSTW- 'J -IWL3lfiw«*t 7-?yMLftv*tik 

f-y>5 10cm 'fc5 20cni- 1 GjrtLTI 
it l2C5ffi#i&5&&;h.TH4. 
[0102] Tn-txmW. 1 2 «0«fflb!) t A< '*-t 4 9 
A*mt Ask'miLX v var^k & tcfil — f 3ftH 1 1 

*»1 3*^^3fi«¥'JSfSl 4^fi&b45v>m<0 
«-Wl*tt'hS^. CLC0t#^5 1 0cm-'c0«^5SS 

l 5{cgi<^n. «*sn*. H«*ft:, io^t{±ro 
■feXSJ^Si 1 6 tet . 1 1 J: 0 t/jN 

rn-bxSiai2C«L-C{if5fc7)7'f-hV'\ 

[ 0 1 0 3 ] itz5 1 0 cm-'^I^S*! 1 1 <£ 0 1, 

12. 1 0 n mggiO/^-f -f 9 lVtf$SZ%3L LXH 0 , 

s . i m^m^m^skmmm:^ 1 5 

ixStftt. rP-feX^J«t|l 6*»4, in-situ; 

^>itS. 7'n-fe^*<7)^xAWSfta*^7-r 
i.kBC l3^2rfflV^7'5Xv{=J:l)i n-s i t 
u?>J-=.y?tffthti. 7-n-feXgBl 2«i7ccoiE^ 

[0 1 04] ZLX5 10cm-ii:5 2 0cm-i(7)M* 

nmttmwsm* 1 2 j 0 t,*s <^lml^ 

[0 105] i<0J:5t. USL^^Jg&^-^-UtlS 
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1 5 

-fAcOffM. *ll^xVNOf|££*£ 
[0106] *0OI0fCfcL m-^ME J P 1 4*><i><0 

mfim$&& lstzo ■fe^sns itm 1 6 1 

fTl/Cgi&ft.&llJSfcSr-a-C^**'. ±IBSfSltf>Hlife 

*>4>7*n-t*«|»S 1 6 fcfWfs* <5>n*«lSfc*i 
*T7'n*^tiJ«H»16fcft*tHi:*Ci:fc:«:*. 10 

[01073 4fc*jafc«Kfc^Tii. u-^isgn 

«^8} 1 5 * Z k s T'o-fe*** 1 2 |*i 

[0108] [SgJfcffiU ] JJLbGSUilJrcfi, A«k- 
-f' 3fcK*f t T*#|6| A* 1/- U -»Sdte4 fcli 5 v >* 
a*£«Ml/0>fc. AWl'--9*3Bi>'M'X*T*->T 20 

LX. ffi®flvw^3eefflv^ft*&(c-3V^T. 01 4£ 

[0109] V— f 36311 1 JiV— Iffttt 1 0 p sCOU 

4M»£*A/Cl»*S. Clft£<93fc#7u-teXJSSl 2£ 

[0 1 1 0] <I£0S*S§1 3«. ^<fctAltl^— f 30 

mz tv&m*amz ix%mizmm-& t?m 
[oil luetsia^Hi^snftf-^tt. 01 

4. 

[0112] A'~f 4 SIS. #'»tf5llBSL3fc'< 40 

(c, l/-y-l«HJHMEfc:J:-3-C*4*. 

[01 13] ^It-t^b— <f3tWWUXi|S*<l OpsW 
■Steli, N2$HP«>a**5 0 0m/si:-rSi:4ffli 
$75jumfK. 

[0 1 14] bZZtf* J*—T4 7WMMffZtl<?)l 

Bt<^»««^ 4. o4 93EIBI#»tttt5 
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